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ABSTRACT
The problem of this study was to identify the 
perceptions of practicing manufacturing engineers regarding 
the importance of computer-based subject matter topics 
required for graduates of undergraduate manufacturing 
technology programs. This problem is reflective of the 
literature which indicates that there is a need for the 
further development of manufacturing science curricula in 
order to provide the types of knowledge needed in the 
emerging computer-based manufacturing field.
A questionnaire was used to collect data. It was 
mailed to 425 randomly selected practicing manufacturing 
engineers. Thirteen were returned as undeliverable, thus 
reducing the number to 412. The size of the sample was 246 
The study had a response rate of 59.71%. The twenty-four 
computer-based subject matter topics were the dependent 
variables. The independent variables were type of product 
manufactured, number of employees at work site, amount of 
industrial experience, education level, and hiring activity 
Data were analyzed using the SPSSX computer program 
and the level of significance was set at .05. Three 
procedures were used to analyze the data: calculation of 
the means and standard deviation; one-tailed t test; and 
one-way analysis of variance.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Seven of the 24 computer-based subject matter topics 
were perceived as important by the respondents. They were: 
(a) computer aided product design, (b) automated assembly, 
(c) computer aided grinding, milling, bending, turning, and 
other operations, (d) computer aided numerical control, (e) 
computerized controls of bills of materials, (f) computer 
aided production planning and control, and computer aided 
process control.
Standard Industrial Classification (type of product 
manufactured) and number of employees (indicator of plant 
size) were the only independent variables which had 
significant F statistics, indicating their effect on the 
perceptions of respondents regarding the important topics. 
Automated assembly had significant differences in its 
values resulting from its relationship with Standard 
Industrial Classification. Computer aided product design, 
computer aided process control and automated assembly had 
values which differed significantly in their relationship 
with number of employees.
It was recommended that administrators of 
manufacturing programs should consider including in their 
curricula the important computer-based subject matter 
topics identified in this study.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1CHAPTER I 
INTRODUCTION
Industrial technology, as an academic discipline, has
as one of its objectives the preparation of students in a
particular field of specialization. One of those fields is
manufacturing (National Association of Industrial
Technology, 1985) .
Employees in this area are involved in developing 
the process and techniques for manufacturing a 
product that has been conceived and developed by 
the design personnel. This involves step-by-step 
analysis of the operations and processes which 
must be performed, training the personnel to 
perform- the necessary tasks, layout of the 
production facility and maintenance and direction 
of the facility once production begins. (Gardner,
1970, p. 24)
In preparing students to be proficient in a particular 
field of specialization, administrators of industrial 
technology programs should be knowledgeable of the subject 
matter topics required in that field. One source from which 
data can be collected regarding the subject matter topics 
required to be proficient in the manufacturing industry is 
the employers in the manufacturing industry. The need to 
collect data from the manufacturing industry for inclusion 
in a manufacturing technology program was supported by the 
Battelle Laboratories (1979), Hall (1970) and Pickle (1983) 
studies. The Battelle Laboratories study contains forecasts 
which indicate that the factory of the future will be
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
2dominated by computer-based operations. Hall conducted a 
study which examined the educational needs of industrial 
technologists in the manufacturing sector of the automotive 
industry. Hall concluded his study by recommending that 
technical, manufacturing processes and other curricula areas 
of industrial technology programs be revised. Thirteen 
years after the Hall study, Pickle's study also found that 
industrial technology and technology education curricula 
were not parallelling the industrial needs for high 
technology.
Statement of the Problem 
This study identified the perceptions of practicing 
manufacturing engineers in the manufacturing industry 
regarding the importance of computer-based subject matter 
topics required for graduates of undergraduate manufacturing 
technology programs. Topics rated as important were 
analyzed to determine if respondents' perceptions were 
significantly affected by extent of industrial experience, 
level of education, size of plant as measured by number of 
employees, type of product manufactured (Standard Industrial 
Classification) and extent of direct involvement- in the 
hiring of technically trained college graduates.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3Significance of the Study
This study made use of the computer-based operations 
which the Battelle Laboratories study (1979) found 
significant for educational purposes.
From an educational interest standpoint, emphasis on
manufacturing engineering activities will be desirable
in the future in the following areas:
(1) Computer-controlled factory operations: machines, 
processes, systems, factories.
(2) Modular manufacturing software system development.
(3) Group technology or cellular manufacturing.
(p. C-4)
Battelle Laboratories used the nationwide mailing list 
of the Society of Manufacturing Engineers' (SME) journal. 
Manufacturing Engineer, as its population. One of the 
conclusions of the Battelle Laboratories study addressed 
changes in educational needs of the manufacturing engineer. 
"Future manufacturing engineers will also need skills in 
systems engineering and a familiarity with computer 
applications to manufacturing design, production, and 
management" (Battelle Laboratories, 1979, p. 88). This 
study identified some of the computer applications that 
graduates of manufacturing technology programs will need to 
be successful in the manufacturing environment.
Other authors, Bloch (1985) , Desrochers and DeRusso 
(1984), and Hazony (1983) have discussed the need for the 
educational community to become involved in the needs of the 
manufacturing industry. According to Hazony, "the computer- 
based manufacturing field is in an early stage of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
4development, and extensive research will be required before 
it achieves maturity as an engineering discipline" (p. 10) . 
Desrochers and DeRusso found that "there has been 
considerable interest in educating engineering students in 
manufacturing systems" (p. 144).
According to Bloch (1985), the educational needs of 
employees in the manufacturing industry is greatest in the 
areas of systems engineering and computer applications.
Bloch proposed the establishment of a "manufacturing 
science" as a solution to the problem of not having persons 
trained in the skills required to manage the factory of the 
future.
Manufacturing science is in its infancy. We must 
develop it from the ground up, basing it on models and 
physical laws. It will have to be built on several 
engineering disciplines as well as computer, 
information and material sciences. (p. 52)
The findings of this study added to the body of
knowledge on the important computer-based subject matter
topics to be considered for inclusion in manufacturing
technology curricula. By comparing important computer-
based subject matter topics against each independent
variable, it was possible to determine if respondents'
perceptions were significantly affected by their industrial
experience, level of education, the number of employees at
their work site, the type of product manufactured at his/her
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
work site (Standard Industrial Classification), and 
participation in the hiring of technically trained college 
graduates.
The results of those comparisons were interpreted in 
two ways. When results indicated non-significant variances 
in values, it was determined that for curricula purposes 
those results were important. Lack of variation would 
suggest that a core group of computer-based subject matter 
topics should be incorporated into curricula for all 
students entering the manufacturing field. When there was a 
significant amount of variation in the results, those 
relationships were highlighted because of the effect they 
could have on both students and administrators of 
manufacturing programs. Administrators can diversify their 
programs based on the relationships identified to be 
significant in the study, especially those related to the 
type of manufacturing industry. Also, they can use the 
findings to develop cooperative education programs for 
students. Students can become more proficient and better 
prepared to enter those industries with knowledge deemed 
important by professionals in those types of industries.
The findings of this study along with those of the 
Battelle Laboratories (1979) study could be used as the 
foundation for developing the "manufacturing science 
curricula" as advocated by Bloch (1985). This study will
F
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6also contribute to the determination of the types of
knowledge needed in the "emerging computer-based
manufacturing field" as promoted by Desrochers and DeRusso
(1984). The findings should also serve as a basis for
curriculum up-dating to enhance the professional/
technical preparation of manufacturing technology graduates
entering the manufacturing industry. According to Lynton
(1984), colleges and universities
. . .should assume primary responsibility for 
professional education, and accept a much broader 
definition of the term. This primary responsibility 
should include both the initial preparation to become 
effective, and subsequently, the provision of what is 
needed to maintain the necessary skill and 
competencies. (p. 73)
Research Questions 
This study addressed the following research questions:
1. What are the important computer-based subject 
matter topics for manufacturing technology programs as 
perceived by practicing manufacturing engineers?
2. Is there a significant relationship between the 
type of product manufactured and the respondents' 
perceptions of important computer-based subject matter 
topics for manufacturing technology programs?
3. Is there a significant relationship between the 
amount of industrial or manufacturing experience of the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
7respondents and their perceptions of the important computer- 
based subject matter topics?
4. Is there a significant relationship between the 
educational level acquired by the respondents and their 
perceptions of the important computer-based subject matter 
topics?
5. Is there a significant relationship between the 
number of employees at the work site of the respondents 
(indicator of size of plant) and their perceptions of the 
important computer-based subject matter topics?
6. In relation to the computer-based subject matter 
topics, is there a significant difference between the 
perceptions of respondents who are directly involved in the 
hiring of technically trained college graduates and those 
who are not?
Operational Definitions
The following operational definitions of terms were 
used for this study:
1. Computer-based subject matter topics— areas of study 
which include application of computers in the planning, 
controlling and organizing of the manufacturing techniques, 
processes, requirements and operations.
2. Computer-integrated manufacturing— where ". . . 
manufacturing systems employ computers for coordinated
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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automation and optimization of all phases of manufacturing 
. . (Battelle Laboratories, 1979, p. 59).
3. Group technology— ". . .generally consists of 
organizing and planning the production of discrete parts in 
batches of components exhibiting some similarity in 
geometry or in processing sequences" (Battelle Laboratories, 
1979, p. 60).
4. Manufacturing industry— where the design and 
manufacture of discrete products and material processing is 
the primary function of an organization (Gunn, 1982).
5. Manufacturing technology program— ". . . 
management-oriented technical program of study built upon a 
balanced selection of courses which emphasize the areas of 
mathematics, physical sciences, computer programming and 
applications, industrial materials, manufacturing processes, 
mechanical drafting and design, production management, human 
relations and communication skills" (Department of 
Industrial Technology, 1985, n.p.).
Assumptions
This study was conducted with the following assumptions:
1. Employees in the manufacturing industry are a good 
source for obtaining data on the appropriate knowledge 
required to be proficient in that industry.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
92. Graduates of industrial technology programs with 
specializations in manufacturing are employed in the 
manufacturing industry with several titles including 
manufacturing engineer.
3. The functional area of manufacturing engineering is 
highly representative of knowledge and skill areas 
important in structuring curricula for manufacturing 
technology programs.
Delimitations
This study did not address:
1. The general education, mathematics and science 
subject matter topics required for graduates to be 
proficient in the manufacturing industry.
2. How the computer-based subject matter topics should 
be integrated into the industrial technology program.
3. Subject matter topics which are nonmanufacturing 
oriented.
4. Noncomputer-based subject matter topics (e.g., 
machine tools) which could be included in a manufacturing 
technology program.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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CHAPTER II
LITERATURE REVIEW 
The review of the literature focused on collaboration 
between industry and university, and knowledge areas 
perceived appropriate for industry in relation to computer- 
based subject matter topics.
Collaboration Between Industry and University 
The need for the industrial and educational communities 
to establish linkages were the topics of writings by Alfthan 
(1985), Butler (1983), Lynton (1984) , and Robinson (1985). 
According to Alfthan, the educational community should be 
more aggressive and take an anticipatory position in 
providing the training needed for industry. This 
information set the tone by stating "instead of adjusting 
reactively and defensively to technical change as it 
generally does, educational and training policy should play 
an active and anticipatory role,. . ." (p. 524). To do 
this, Alfthan advocated a collaborative effort between 
education and industry. This effort should be established 
along a four-step plan. The steps are:
1. encouraging scientists and engineers to assist 
universities and technical training institutes in 
planning and developing their curricula,
2. promoting science and technology courses that 
emphasize the industrial applications of the course and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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include creative project work specifically designed for 
applications in industrial firms,
3. encouraging industrial scientists and engineers to 
work part time as teachers or research team leaders in 
educational and research institutes, and
4. provide incentives for teaching and research staff 
to work as industrial consultants (p. 524).
Step 2 is relevant for this study. In order to
accomplish Step 2, input is needed from industry. Utilizing
the above steps could be one way for an institution to
establish a positive relationship with industry. The
collaboration between the educational industrial communities
requires compromise and sensitivity from each community.
(Lynton, 1984)
Butler -(1983) puts more of the responsibility for a
collaborate effort on the educational community. ". . .The
post secondary marketplace will need to find better ways to
tie educational programs to the occupational needs both of
employers and of the future American economy" (p. 3 0). When
manufacturing technology programs are striving to maintain a
state of relevancy in their technical course offerings, the
linkage between industry and higher education is of utmost
importance. If the educational community fails to keep
current of technological requirements, there will be a
mismatch between skills that its graduates possess and those
required by industry. The educational institution must be
proactive in its educational and industrial agreements.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Robinson (1985) stated that the knowledge required to
be proficient in many current technologies was acquired in
the apprenticeship manner in industry. "Our integrated
circuit technologists also learned that subject by
apprenticeship. No degrees were granted in large-scale
integrated electronics until the late 1970's" (p. 48). This
method of acquiring knowledge with a specific area of
specialization has its shortfalls. It tends to create a
void in the area of training large numbers of new
technologists.
But if there is a surprise or unexpected twist— which 
happens frequently in technology— the apprentice- 
trained -technologist cannot fall back on core 
curriculum studies to solve those problems. New and 
formal scientific and engineering training is an 
essential need for the problem solver. Dependence upon 
apprentice training is thus a dangerous industrial 
practice. (p. 48)
Due to rapid technological changes, industry tends to 
develop knowledge (subject matter topics) first and then the 
academic community establishes degree programs of studies in 
those subject matter topics. According to Robinson (1985), 
the relationship between high technology companies and 
universities is becoming more strong as a result of the 
relationship. Both parties are continually looking for more 
efficient bridges between the knowledge provided by the 
universities and the proficiencies preferred by industry.
If an academic training program is interested in developing 
a core curriculum for persons entering industry, then
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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industry is a source for getting data on the competencies 
required to be proficient in industry.
Robinson (1985) noted that areas of knowledge for a 
particular specialization in industry is first identified by 
industry. Robinson also noted that the development of those 
areas of knowledge is best accomplished by the transfer of 
the initial knowledge from the industrial environment to the 
educational environment.
Knowledge Areas Perceived Appropriate for Industry
The literature review revealed only two sources which 
empirically'Studied the manufacturing industry's perception 
of subject matter topics or knowledge for industrial 
technology graduates. Since industrial technology graduates 
are employed in industry with various job titles including 
engineer, it seemed logical to review studies which examined 
competencies related to engineers and engineering 
technologists (Gardner, 1970; Battelle Laboratories, 1979). 
Thus, this section of the literature review is divided into 
four areas: (a) industrial technology/manufacturing, (b) 
industrial technology/related industries, (c) 
engineering/related industries and (d) change in the 
manufacturing industry and the types of knowledge required.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Industrial Technology/Manufacturing
Hall (1970) completed a study which explored the 
educational needs of industrial technologists in the 
automotive-type manufacturing industries in the United 
States. The survey instrument (questionnaire) was pilot 
tested by persons in the automotive-type manufacturing 
industries in San Francisco, Los Angeles and Phoenix. After 
revision, four questionnaires were sent to each industry.
The response rate was 66.3% from those industries. Those 
industries employed 36,142 technologists.
It was found that higher education needed to revise 
curricula used in the training of automotive technologists 
in all areas except science and mathematics. Several 
curricular areas (technical, manufacturing processes, 
practical application, and technical communications) were 
identified by respondents as needing improvement.
Moore's study (1979) identified metallurgical and 
material testing knowledge desirable for three levels of 
employment in the metals manufacturing industry. The three 
instructional groups (origin/production of metals, physical 
testing, and non-destructive testing) were compared to 
three employee levels. This study used employees in the 
manufacturing industry in the state of Maine. A sample 
stratified by Standard Industrial Classification Codes was 
drawn from the population. The three levels of employment
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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(operator— high school, tradesman— vocational/technical 
institutes, and technician— university industrial and 
vocational/technical programs) were compared to thrity-seven 
different competencies. The findings of the study indicated 
that there were no significant differences of the 
competencies required based on the level of educational 
training.
Industrial Technology/Related Industries
Weeks and Dallman (1985) conducted a study to determine 
the construction industry's perception of a graduate 
curriculum in industrial technology at Eastern Michigan 
University. A review of the literature identified major 
skill areas needed in the construction industry. This study 
used a modified Q-sort technique to rank the seven major 
skill areas. The areas were Engineering Economics, Legal 
Aspects in Construction, Construction Systems and Meetings, 
Project Planning and Control, Communication Skills,
Financial Administrative Practices, and Construction 
Management. The results of the study ranked Construction 
Management, Communication Skills, Project Planning and 
Control, and Financial Administrative Practices as the top 
four areas.
Doty and Bailey (1984) conducted a follow-up study of 
campus and military-based (extension program offered on
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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military bases) industrial technology graduates. One 
research question was "How relevant is the academic 
preparation of military and campus graduates to present job 
requirements?" (p. 33). To answer that question and others, 
respondents were asked to rate the following types of 
knowledge:
(1) knowledge of manufacturing processes, (2) knowledge 
of safety procedures and laws, (3) analysis and 
evaluation of capital spending, (4) use of time and 
motion study techniques, (5) use of mathematical models 
for analysis and control, knowledge of statistical 
quality procedures, . . .  (8) use of concepts and 
procedures for control of inventory, (9) knowledge of 
computer techniques for analysis and control, (10) use 
of layout and material handling techniques, (11) 
planning, leading and organizing people, (12) follow-up 
and control procedures, (13) effective decision making, 
(14) effective written communication, (15) effective 
oral communication, (16) effective presentation of 
quantitative data, (17) selling yourself and your 
program, and (18) knowledge of motivational and job 
enrichment concepts. (p. 37)
The types of knowledge formed the 18 questions used in their
study. The responses to questions 11-18 received the
highest rating. All of these questions were in the areas of
interpersonal and managerial skills. The population of the
study was graduates of the industrial technology program at
Southern Illinois University at Carbondale.
Orr (1985), also of Southern Illinois University at
Carbondale, conducted a study to determine the adequacy of
the current industrial technology curriculum. The study
surveyed both graduates of the program and their
supervisors. The results of Orr's study indicated that
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55.7% of the supervisors of industrial technology graduates 
rated the relevance of the curriculum either very good or 
excellent. This study used course titles as indicators of 
curriculum adequacy. Course titles receiving high ratings 
were Motion and Time, Industrial Safety, Production and 
Inventory Control, Quality Control, and Materials Handling 
and Plant Layout. Courses receiving low ratings were 
Computer-Aided Manufacturing, Computer Programming, 
Manufacturing Processes, and Technical Sketching.
Based on a nation-wide survey of high technology 
industries, Pickle's (1983) study revealed that industrial 
technology and technology education curricula are 
significantly different from industrial needs for high 
technology. This study also noted that the degree most 
beneficial for the high technology industry was the Bachelor 
of Science in Electrical Engineering. The population for 
this study was high technology companies and industrial 
technology/technology education departments nationwide. 
According to Pickle, courses most beneficial for high 
technology industry were Computer Electronics, Digital 
Electronics, Electronics Drafting, Computer Graphics, 
Computer Plotting, Fortran IV, Computer-Aided Manufacturing, 
Manufacturing Processes, and Differential Equations.
Gardner (1970) identified subject matter topics which 
should be incorporated in industrial technology curricula.
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Those topics were in the following five major areas: " (a) 
design and development; (b) production and manufacturing;
(c) sales and distribution; (d) field service and product 
utilization; and (e) industrial teaching" (p. 24) . Two of 
those areas, design/distribution and 
production/manufacturing, included knowledge of the 
development and implementation strategies for product and 
manufacturing improvements.
Kozar and Richards (1981) conducted a study in the 
Dallas/Fort Worth area, to solicit industry's input on 
relevant courses in an industrial technology curriculum. 
Eight knowledge areas were identified based on input from 
the program's advisory committee and faculty at North Texas 
State University. The results indicated that selected 
industries perceived management skills and technical skills 
as being very important. The study used course titles 
within each knowledge area as the variable to be rated. 
Courses with titles of or similar to Production Management, 
Manufacturing Cost Analysis, Quality Control, Production 
Planning and Scheduling, and Production Control were rated 
as being mandatory by respondents. The course in safety 
regulations was rated unimportant.
Another study which utilized the techniques of employer 
feedback to educational programs was conducted by Willett 
and Piland (1973). This study was conducted to develop a
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more comprehensive program evaluation requirement for 
vocational and industrial technical programs. One of six 
components for program evaluation was the identification of 
job competencies. Employers evaluated graduates on 
technical skills. Employers gave the highest technical 
skill rating to equipment manipulation with accuracy. The 
lowest technical skill rating was given to speedy equipment 
operation. The technical skill areas ranked from high to 
low were equipment orientation, creative use of equipment, 
and equipment maintenance.
Engineering/Related Industries
The Pennsylvania State University's Engineering College 
conducted a study to determine what skill requirements were 
deemed important by engineers in industry (Devon, 1985). It 
was administered to the Industrial and Professional Advisory 
Council of the Pennsylvania State University's Engineering 
College which represented various degrees. The respondents 
were asked to rate a variety of curricular topics in 
graphics, experimentation and computers. The computer 
related topics were deemed most important. The 
study focused on the first two years of an engineering 
program.
Tidewater Technology Associates (1985) prepared a 
report which describes the engineering team in manufacturing
F
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as scientists, engineers, technologists and craft persons. 
"Sometimes the term technologist is used in labeling a 
specific team member; however, the term has several 
meanings, most of which are used to designate any member of 
the technical or engineering team" (p. 16). This could be 
one reason for the infrequent use of the job title 
"Industrial Technologist" by persons in industry. The 
efforts of such a team is to solve problems in the 
engineering function. The team approach to solving problems 
in manufacturing requires having knowledge of material 
processing, material handling, inspection and quality 
control. The types of positions, e.g. supervision, design, 
sales and service, held by both graduates of bachelor of 
science in technology and engineering were basically the 
same.
The Society of Manufacturing Engineers (SME)
commissioned Battelle Laboratories (1979) to conduct a study
of the manufacturing engineer past, present and future.
This study . . . describes the manufacturing engineer 
in terms of current education and training, 
professional identification, job duties, place in the 
organization, salary, areas of competence, most used 
and most desired, and educational concerns. . . .  The 
study also attempts to forecast changes in 
manufacturing techniques and technologies, and the 
impact of those changes on the future job 
responsibilities of manufacturing engineers. (p. 1)
This study collected data on the present job status of
manufacturing engineers and reached the following results:
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Nearly all manufacturing engineers work for a private 
industry employer, although a few work for the federal 
government, educational institutions, or organizations 
providing research and development services, management 
services or engineering services. . . . The principle 
industrial sector represented included manufacturing of 
primary metal products, machinery, electric and 
electronic equipment, transportation equipment, and 
miscellaneous manufactured products. A majority of 
manufacturing engineers work in the manufacturing 
department of their organization or in top or middle 
management. (p. 5)
This study also had as one of its findings the status
of industrial technology graduates in the manufacturing
industry. According to the Battelle Laboratories (1979)
study report:
Graduates from four-year manufacturing engineering 
technology and industrial technology programs are 
entering the manufacturing work force, and in many 
companies are competing with engineering graduates for 
entry-level positions. This is occurring because job 
descriptions in industry do not usually differentiate 
between four-year technology and engineering degrees, 
(p. 79)
It investigated the manufacturing engineer's future 
educational and training needs, professional affiliation, 
job responsibilities and career development, salary, and 
areas of knowledge most used and most desired. It also 
projected that the computer applications in the 
manufacturing industry would be the most wide-spread factor 
influencing change in the immediate future. Those changes 
were described in terms relating to manufacturing techniques 
and technologies and how the manufacturing engineers should 
respond to the changes.
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The study utilized a questionnaire, literature review 
and a conference with engineering and technology educators 
as a means to get information on the manufacturing engineer 
and projected changes in the manufacturing industry. The 
questionnaire collected data on (a) the manufacturing 
engineers and their respective employers, (b) engineering 
and engineering related areas of knowledge which the 
manufacturing engineer planned to seek through additional 
training, and (c) the employer's policy on education and 
training programs available to the manufacturing engineer. 
The questionnaire was sent to 6,558 persons and had a 
response rate of approximately 28%. The data collected were 
crossed-tabulated based on the respondents' age, geographic 
region, and membership category to determine if any 
significant differences resulted as they related to those 
variables.
The study had the following forecast for manufacturing 
engineering:
1. The manufacturing engineer of the future will 
require a strong background in engineering science along 
with a broad familiarity with manufacturing processes. 
Emphasis should be placed on communication, oral and 
written skills, problem solving skills and computer 
capabilities and application while utilizing the systems 
approach to manufacturing.
r
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2. The requirements of work assignments include 
concepts on the systems approach, along with the team 
approach to planning, designing, and justifying the total 
systems utilization in the design and manufacture of 
products.
3. Knowledge was needed in the areas of: (a) 
computer-applications, (b) theoretical engineering science, 
(c) material science, (d) energy conservation, (e) 
management (including job safety), (f) human relations, and 
(g) product liability and financial matters.
4. The above educational trends have positively 
influenced -the need for professional affiliation.
5. The changes in the manufacturing industry were 
technical in nature and described as significant. They were 
computer-oriented manufacturing systems and equipment, 
production techniques, materials, and factory operations.
The Battelle (1979) study concluded by indicating a 
need to continually conduct studies on manufacturing 
technology and manufacturing engineers. These studies 
should be done to reflect how current changes would impact 
the manufacturing organization, engineering educators, 
individual manufacturing engineers, and the Society of 
Manufacturing Engineers.
Besterfield (1979) found that industrial technology 
graduates' performance in the work environment was equal to
r
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that of engineering graduates in the same work environment.
The three programs, engineering, engineering technology and
industrial technology, are all offered in the same school,
the College of Engineering and Technology, at Southern
Illinois University.
The study reveals some minor differences in several 
aspects of graduates' performance. When taken in 
aggregate, however, no significant difference in the 
performance of the three groups is apparent. In terms 
of salary, job mobility and job satisfaction of their 
graduates, four-year engineering technology and 
industrial technology programs seem as viable and 
effective as engineering programs. (p. 797
It can be concluded from this study that engineering
knowledge requirements in the manufacturing industry for
engineering students are relevant for industrial technology
students.
Change in the Manufacturing Industry and the Types of 
Knowledge Required
Several authors have documented areas of subject matter 
topics in the manufacturing industry which are essential 
for adjusting to change (Aggarwal, 1985; Bloch, 1985; Fedrau 
& Balfe, 1986; Lee, 1985). Aggarwal (1985) discussed the 
systems approach to manufacturing for improving production 
efficiency. This article presented the unique 
characteristics of material requirement planning (MRP), 
Kanban (JIT), optimized production technology (OPT) and 
flexible manufacturing systems (FMS).
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MRP allows for an extraordinary degree of advance 
planning for medium-inventory, mass-production 
companies but at a cost in flexibility and informality. 
Kanban keeps inventory cost down and involves employees 
but requires well structured supply lines and 
cooperative workers. Optimized production technology 
focuses on clearing up bottlenecks in the manufacturing 
process but can adversely affect nonbottleneck areas 
and is a proprietary system. Flexible manufacturing 
systems offer the hope of eliminating many of the 
weaknesses of the other three approaches but possibly 
at a cost of cutting out many jobs. (p.8)
Aggarwal's systems approach tends to identify subject matter
topics which can be grouped together to complete a series of
tasks or operations.
Fedrau and Balfe (1986) discussed how changes in the
manufacturing industry have resulted in changes to
facilities and production techniques.
Firms are closing old, inefficient plants and 
aggressively modernizing production methods in other 
plants. Robotics, numerical controls, CAD/CAM systems, 
and other automated, programmable devices are being 
installed. New flexible team approaches to work are 
being adopted. (p.287)
The subject matter topics deemed to be appropriate for the
present and the future manufacturing industry tend to be
those which stress computers, automation and some type of
team approach to work.
Lee (1985) focused on the production systems which
concentrated on inventory control. This system was found to
be very cost effective because inventory costs affect the
total cost effectiveness of the organization.
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The improved production system calls for the flow of 
materials and parts from one process to another without 
stockpiling in-between work stations. As the level of 
work-in-process inventory throughout the system is 
reduced, the value of the inventory becomes 
insignificant. As a result it may not be necessary to 
accumulate costs to the end of the process by 
individual units. . .. Once the production line fills 
up with costs the process can be regarded as a 
continuous one, eliminating the need to accumulate 
costs by individual work stations. (p. 40)
This article discussed improvements to production processes
by focusing on the inventory control function. Inventory
management has the ability to affect the profitability of
the manufacturing industry. This same topic was discussed
by Aggarwal utilizing the term Kanban when discussing
inventory control. Therefore, the systems approach to
inventory management could be considered a critical
requirement of the manufacturing industry.
According to Bloch (1985), the educational needs of the
manufacturing employee indicates more training in systems
engineering and computer applications in various
manufacturing requirements. However, Bloch does not believe
this task will be accomplished expediently.
We don't have the people we need to do the research and 
planning, to build and staff the factories of the 
future. Worse yet, we are not preparing or producing 
these people, and we barely understand the need to do 
so. (p. 53)
Based on Bloch's evaluation of the current state of the 
manufacturing industry, the educational community should 
begin to educate persons in areas of computer-based
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techniques, computer information system, material science 
and engineering disciplines, to manage the factory of the 
future.
Summary
This literature review has revealed that efforts should 
be made by members of the academic and industrial 
communities to establish a collaborative relationship 
between the two communities. The foundation of this 
relationship would have industrial personnel assisting the 
academic community in areas of teaching, planning and 
developing research and curricula. At the same time, 
academic personnel should provide consultant services to the 
industrial community.
Also noted was how industry has been a source from . 
which industrial technology educators have sought answers to 
questions relating to program development. Data most 
frequently sought related to the appropriateness of content 
in academic programs using course titles as the descriptor. 
No one specific course title emerged as being the most 
appropriate course for graduates of technology programs. A 
group of titles in the communications, management (e.g., 
planning, controlling and organizing), factory operations 
(e.g., materials handling, plant layout and safety) and 
electronics areas tended to get the higher responses.
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A study on employment opportunities for graduates of a 
community college identified equipment orientation, creative 
utilization and maintenances important. This differed from 
studies conducted for the propose of engineering education. 
Those studies found computer-related topics in the areas of 
materials and inspection to be most needed.
Changes in the manufacturing industry in the near 
future will occur in the area of the systems approach to 
manufacturing techniques and processes. The educational 
community should begin to plan and implement curricular 
changes which will address the systems requirements of the 
manufacturing industry. Manufacturing techniques and 
process requirements expressed in terms of engineering 
education requirements can be applied to manufacturing 
technology programs.
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CHAPTER III 
METHODOLOGY
This was a descriptive study which collected data from 
practicing manufacturing engineers in manufacturing 
industries on the importance of computer-based subject 
matter topics which they perceived as required for 
industrial technology graduates seeking employment in the 
manufacturing industry.
Population
During the last two years, 44,653 persons have 
attended a Society of Manufacturing Engineers (SME) 
sponsored exposition and listed their job title as 
manufacturing engineer. Expositions were held in 
Cincinnati, Chicago, Dallas, Grand Rapids, Pittsburgh, 
Baltimore, Cleveland, Orlando, and Los Angeles. Those 
persons constituted the population for this study (J. 
Poswalk, personal communication, November 3, 1987). Since 
the expositions were held in various locations across the 
country, it was assumed that a list of persons attending 
would reflect a broad geographic representation. The names 
of those persons were compiled to make a nationwide mailing 
list. As noted in the assumptions for this study, the 
functional area of manufacturing engineering was considered
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to be highly representative of knowledge and skill areas 
important in structuring curricula for manufacturing 
technology programs.
The Society of Manufacturing Engineers is a 
professional organization which has demonstrated its 
commitment to enhancing the profession of manufacturing 
engineering and manufacturing engineering education by 
sponsoring education oriented activities and by sponsoring 
student chapters of SME. Therefore, it was felt that their 
mailing list would provide the names of persons who would be 
willing to take the time to complete and return a 
questionnaire. This belief was supported by a statement 
made by a past chairman of SME. "For more than 50 years,
SME has striven to increase the quantity and quality of 
manufacturing engineering education through a variety of 
activities and pursuits— workshops, clinics, seminars, in- 
plant training, conferences, and expositions" (DeVries,
1985, p. 7).
Sample Selection 
The sample was randomly selected from the population. 
One out of every 100 names was randomly drawn, thus 
maintaining the broad geographic distribution of the 
population. There were 437 names with 12 of those having 
international addresses. Those 12 names were not used in
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this study. The remaining 425 names became the mailing list 
from which data were solicited. That solicitation resulted 
in 246 responses which constituted the sample of this study.
Survey Instrument
This study used a questionnaire as the means of 
collecting data. The questionnaire was pilot tested for 
content validity and minor revisions were made before it was 
mailed to the 425 practicing engineers. Demographic 
questions were similar to those of the Battelle study (1979) 
with some modifications. Permission was given by 
Mr. Mark Stratton, Manager, Manufacturing Engineering 
Education, Society of Manufacturing Engineers (SME) to use 
parts of the Battelle Laboratories study for this study (M. 
J. Stratton, personal communication, March 19, 1987). The 
questionnaire was divided into two parts. Part 1 addressed 
demographic categories and part 2 addressed computer-based 
subject matter topics.
The demographic categories were:
1. type of product manufactured based upon the 
Standard Industrial Classification (SIC),
2. years of industrial experience of the respondent,
3. education level of the respondent,
4. number of employees at the work site, and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
32
5. respondents’ direct involvement in the hiring of 
technically trained college graduates.
In category 1, respondents were instructed to select 
one response from a list of 21 products which identified the 
major product manufactured by their company or organization. 
Category 2, years of experience, was divided into five 
groups ranging from less than two years to more than 20 
years. Respondents were asked to check one of the five 
groups.
In category 3, respondents were asked to select one of 
the five groups of education levels. The levels ranged from 
high school diploma or equivalent to doctorate degree. 
Category 4, employees at work site, was grouped into nine 
groups. The groups had different numbers of employees 
starting with (1 to 19) and ending with (10,000 or more)..
Category 5 solicited responses based on the respondents 
direct involvement in the hiring of technically trained 
college graduates. Respondents were also asked to respond 
yes or no to whether they were directly involved in the 
hiring of technically trained college graduates at their 
work site.
Part 2 of the questionnaire consisted of 24 computer- 
based subject matters topics. The primary source for the 
initial development of the list of topics was Appendix C of 
the Battelle Laboratories (1979) study. These topics were
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identified as projected technological needs for the 
manufacturing industries in the near future. Only topics 
which related to computer-based subject matter were 
incorporated into this study.
The 24 computer-based subject matter topics were: 
computer aided machine design; computer aided product 
design; robotics; computer aided quality control; automated 
assembly; adaptive controls (sensor devices); computer aided 
machine finishing; computer aided grinding, milling, 
bending, turning, and other operations; computer control of 
individual machine scheduling; programmable logic 
controllers; automatic part feeding; computer numerical 
control; computer control laser operations; automated 
diagnostics; computer utilization in energy and material 
optimization in manufacturing; computer aided handling, . 
storage and distribution of parts and materials; 
computerized controls of bills of materials; computer aided 
plant maintenance; computer aided process layout; small 
batch discrete parts manufacturing; computer aided process 
control; cellular manufacturing; and computer based 
operations research.
The respondents were asked to rate the importance of 
the computer-based subject matter topics using a scale of 1 
to 4 (1 = least important, and 4 = most important). The 
criterion for the rating was based on the respondent's
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perception of the importance of that topic for graduates of 
manufacturing technology programs seeking technical/ 
professional positions in the manufacturing industry. The 
complete questionnaire is located in Appendix A.
Pilot Testing of the Instrument 
The instrument was sent to SME Region VI members; Mr. 
Duane Jansen— Chairman, Mr. Glen Schrock, Mr. William 
Sharpe, Mr. Gary Fagersten, Mr. Darrell Edeker, and Mr. 
Jerald Stoll. These persons functioned as the panel of 
experts for this study. They evaluated the instrument for 
content validity. After each member had returned his pilot 
instrument, revisions were made to the questionnaire. Two 
questions were combined into one; one question was 
eliminated; and an additional question was added. The final 
questionnaire had 29 questions.
Response Rate 
"Completion rates on many mail questionnaires are 
notoriously low, with figures of 40 to 50 percent considered 
good" (Warwick & Lininger, 1975, p. 129). To maximize the 
response rate for this study, the following procedures were 
employed:
1. Cover letter— each survey packet had a cover 
letter that explained the study to the respondent.
£
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2. Number coding— all questionnaires were number 
coded. Number coding was deemed to be the most efficient 
method of identifying non-respondents who had not returned 
the questionnaire.
3. Self-addressed stamped return envelope— each survey 
packet had enclosed in the original packet a stamped, self- 
addressed return envelope.
4. Colored paper— the questionnaire consisted of a 
pale green paper with black ink lettering.
5. Solicitation/Reminder letter— a follow-up letter 
was mailed to the sample population reminding them of the 
recently received questionnaire and requesting that they 
fill it out and promptly return it to the researcher. This 
letter was mailed four days after the initial survey packet.
6 . Follow-up questionnaire— a second copy of the 
original questionnaire was mailed to 246 non-respondents 
from the original mailing. This mailing also included a 
cover letter and self-addressed stamped return envelope.
The cover letter stressed the urgency and importance of 
receiving the enclosed questionnaire. According to Berie, 
Anderson and Niebuhr (1986), surveys which incorporated 
tactics similar to the one above, tend to have a high 
response rate.
A.”
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Data Collection 
Data collection was the result of two mailings. The 
first mailing of 425 surveys resulted in 13 questionnaires 
returned as not deliverable, 165 questionnaires completed, 
and one questionnaire returned incomplete. The first 
mailing had a response rate of 40.05%. The second mailing 
consisted of 246 questionnaires being mailed to those 
members of the original mailing list who did not respond to 
the first mailing. The second mailing resulted in 8 8 
questionnaires being returned with seven of them incomplete. 
The total number of completed questionnaires returned was 
246, resulting in a response rate of 59.71%
Analysis Procedure
The data were analyzed to provide answers to the
research questions of this study. The Statistical Package
for the Social Sciences (SPSSX) computer program was used to
analyze the data. The level of significance was set at .05.
Three procedures were used to analyze the data: calculation
of the means and standard deviations for all computer-based
subject matter topics; calculation of t values for each of
the computer-based subject matter topics having a mean value
of 2.50 or higher; and calculation of One Way Analysis of
Variance and "F" value. The formula used to calculate the t
values was: t = x - 2.50
s /-t/n"
£
fc *
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Where: x = computer-based subject matter topics mean
values
s = standard deviation of the sample
n = number of responses for each computer-based 
subject matter topic (Johnson, 1984, p.304)
The critical t value for degrees of freedom greater than 30
is 1.65 which is significant for a one-tailed "t" test at
the .05 level (Johnson, 1984). Based on an n of 246, all t
values equal to or greater than 1.65 were considered
statistically significant at the .05 level.
The subprogram Oneway was used to analyze the data for 
one way analysis of variance results. Printed output from 
ONEWAY includes a standard analysis of variance summary 
table showing sums of squares, degrees of freedom, mean 
squares, and the F ratio formed by dividing the between- 
group mean square by the within-group mean square. The 
table also shows the significance of the obtained F ratio. 
For further analysis of the data, the Duncan routine was 
used. The Duncan routine is a procedure within the ONEWAY 
subprogram which ranks the group means and compares all 
possible pairs of group means. When a significant F 
statistic was achieved, the Duncan routine was used to 
examine which pairs of groups exhibited significant 
differences.
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CHAPTER IV
ANALYSIS OF DATA 
Question 1
What are the important computer-based subject matter 
topics for manufacturing technology programs as perceived by 
practicing manufacturing engineers? Table 1 lists the 
computer-based subject matter topics with their mean values, 
standard deviations, and t value. The mean values are in 
descending order. The first seven were found to be 
important computer-based subject matter topics.
The criteria for determining the important computer- 
based subject matter topics were a mean value of 2.50 or 
higher and a t value significant at the .05 level. A t 
value of 1.65 or higher is significant for a one-tailed t 
test at the .05 level (Johnson, 1984). Ten computer-based 
subject matter topics had mean values of 2.50 or higher. Of 
those ten, seven topics had t values of 1.65 or higher.
Those seven topics were deemed the important computer-based 
subject matter topics as perceived by the respondents. They 
were:
1. computer aided product design,
2 . automated assembly,
3. computer aided grinding, milling, bending, turning, 
and other operations,
W-
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4. computer aided numerical control,
5. computerized control of bills of materials,
6 . computer aided production planning and control, and
7. computer aided process control.
Table 1
Ratings of Importance of Computer-Based Subject Matter 
Topics
Standard t
Topic________________________Mean______ Deviation_____ Value
Computer aided production 
planning and control
Computer numerical control
Computer aided product 
design
Computer aided process 
control
Computer grinding, 
milling, bending, turning, 
and other operations
Automated assembly
Computerized controls 
of bills of materials
Computer aided quality 
control
Programmable logic 
controllers
Computer aided 
machine design
2.96 1.01 7.11 *
2.94 1.00 6.80 *
2.75 1.00 3.94 *
2.72 .95 3.61 *
2.67 1.08 2.42 *
2.65 1.01 2.34 *
2.62 1.05 1.76 *
2.60 .94 1.63
2.58 1.07 1.12
2.57 .94 1.08
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Table 1 continued
Topic Mean
Standard
Deviation
t
Value
Adaptive controls 2.48 1.00 -.38
Cellular manufacturing 2.45 1.13 -.63
Computer aided handling, 
storage and distribution 
of parts and materials 2.44 1.01 -1.00
Robotics 2.39 1.02 -1.66
Automatic part feeding 2.39 1.00 -1.72
Small batch discrete 
parts manufacturing 2.35 1.03 -2.27
Computer control of 
individual machine 
scheduling 2.35 1.00 -2.41
Computer aided machine 
finishing 2.24 1.02 -4.06
Automated diagnostics 2.21 .99 -4.65
Computer utilization in 
energy and material 
optimization in 
manufacturing 2.18 .97 -5.18
Computer aided plant 
maintenance 2.08 .94 -8.03
Computer aided plant 
layout 2.01 .92 -8.34
Computer-based 
operations research 1.97 .94 -8.80
Computer control 
laser operations 1.85 .90 -12.67
* p. <.05
E-------------    ~£* '
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Question 2
Is there a significant relationship between the type of 
product manufactured and the respondents' perceptions of 
important computer-based subject matter topics for 
manufacturing technology? The Standard Industrial 
Classification (SIC) codes were used to identify the types 
of products manufactured. The 21 codes were labeled as 
groups on the computer printout. Each group had four data 
cells, one for each degree of importance.
The frequency of responses is shown in Table 2. Groups 
with fewer than 20 responses were considered to be too small 
for data analysis relative to research question 2. Groups 
15, 16, 17, 18 and 20 were retained for further analysis. 
Group 15 (fabricated metal products) received the highest 
response rate representing 23.17% of all responses. Group 
18 (transportation equipment) was a close second with 21.95% 
of the responses.
Table 2
Frequency of Responses by Standard Industrial Classification
*Group Frequency Percent
1 Food and kindred products 3 1.22
2 Tobacco manufacturing 0 0.00
3 Textile mill products 0 0.00
4 Apparel, other textile 0 0.00
F
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Table 2 continued
Frequency of Responses by Standard Industrial Classification
♦Group Frequency Percent
5 Lumber and wood products 0 0.00
6 Furniture and fixtures 1 .41
7 Paper and allied products 0 0.00
8 Printing and publishing 1 .41
9 Chemicals and allied products 2 .81
11 Rubber and plastic products 6 2.43
12 Leather and leather products 0 0.00
13 Stone, clay, and glass products 2 .81
14 Primary metals manufacturing 11 4.47
15 Fabricated metal products 57 23.17
16 Machinery, except electrical 23 9.35
17 Electrical and
electronic machinery 33 13.41
18 Transportation equipment 54 21.95
19 Instruments and
related products 9 3.66
20 Miscellaneous
manufactured products 34 13.82
21 No manufacturing activity 10 4.07
TOTAL 246 100.00
One-way ANOVAs were performed to determine if any
significant relationships existed between the important
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computer-based subject matter topics and Standard Industrial 
Classification. The only topic which had significant 
variability between its mean values was automated assembly 
(F = 3.27; df. 4/196; p. < .05), as seen in Table 3.
Further analysis revealed four different pairs of groups (16 
and 15, 17 and 16, 17 and 20, 17 and 18) with significant 
mean value differences based on SIC. Table 3 shows that the 
lowest mean rating was 2.17 for group 16 (machinery, except 
electrical). Group 17's mean value of 3.09 was the highest.
Table 3
Automated Assembly by Standard Industrial Classification
Source D.F.
Sum of 
Squares
Mean
Squares
F
Ratio Probability
Between
Groups
Within
Groups
Total
196
200
12.27
184.06
196.33
3.07
.94
3.27 .01
mean
2.17
2.56
2.63
2.74
3.09
group 
group 16 
group 20 
group 18 
group 15 
group 17
g g g g g
r r r r r
o o o o o
u u u u u
P P P P P
1 2 1 1 1
6 0 8 5 7
*
*
* denotes pairs of groups significantly different at the .05 
level
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A summary of the ANOVA analysis of the other six 
important computer-based subject matter topics is found in 
Table 4. Complete ANOVA tables are presented in Appendix C, 
Tables C—1 through C-6 .
Table 4 r.
Summary Table of Non-Significant F Statistics for Important 
Computer-Based Topics in Relation to Groupings by Standard 
Industrial Classification
Topic Mean
F
Ratio
F
Probability
Computer aided product 
design 2.75 1.37 .25
Computer aided grinding 
milling, bending, 
turning and other 
operations 2.67 1.16 .33
Computer numerical 
control 2.94 1.02 .36
Computerized controls 
of bills of materials 2.62 .30 .88
Computer aided 
production planning 
and control 2.94 .68 .61
Computer aided process 
control 2.72 1.88 .12
Question 3
Is there a significant relationship between the amount 
of industrial experience of the respondents and their
E ;
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perceptions of the important computer-based subject matter 
topics? The survey instrument contained five groups of 
experience levels. The frequency of responses for those 
groups are shown in Tabie 5. The number of responses' in 
group 1 was less than 20. These responses were combined 
with group 2 for the purpose of data analysis. The recoded 
groups and resulting response rates are shown in Table 6 . 
The groups with the highest response rates were group 5 
(more than 20 years) and group 4 (10 to 20 years) 
representing 40.24% and 34.56% of all responses 
respectively.
Table 5
Frequency of Responses by Experience in Manufacturing
Group Experience Frequency Percent
1 Less than 2 years 6 2.44
2 2 to 4 years 11 months 22 8.94
3 5 to 9 years 11 months 34 13.82
4 10 to 20 years 85 34.56
5 More than 20 years 99 40.24
TOTAL 246 100.00
f .
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Table 6
Recoded Frequency of Responses by Experience in 
Manufacturing
Group Experience Frequency Percent
1-2 Less than 4 years 11 months 28 11.38
3 5 to 9 years 11 months 34 13.82
4 10 to 20 years 85 34.56
5 More than 20 years 99 40.24
TOTAL 246 100.00
All ANOVAs resulted in non-significant F statistics 
between the mean values of the important computer-based 
subject matter topics and the amount of industrial 
experience, indicating that perceptions of important topics 
were not affected by years of experience. A summary of one­
way ANOVA is shown in Table 7. Complete ANOVA tables are 
presented in Appendix C, Tables C-7 through C-13.
Question 4
Is there a significant relationship between the 
educational level acquired by the respondents and their 
perceptions of the important computer-based subject topics?
E
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Table 7
Summary Table of Non-Significant F Statistics for Important
Computer-Based Topics in Relation to Groupings by Amount of
Industrial or Manufacturing Experience
Topic Mean
F
Ratio
F
Probability
Computer aided product 
design 2.75 1.14 .33
Automated assembly 2.65 1.39 .25
Computer aided grinding 
milling, bending, 
and other operations 2.67 .22 .84
Computer numerical 
control 2.84 .31 .82
Computerized controls 
of bills of materials 2.62 .63 .60
Computer aided 
production planning 
and control 2.96 .66 .76
Computer aided 
process control 2.72 .61 .61
There were seven educational groups. Three of those groups 
(1, 2, and 7) had fewer than 20 responses. Group 1 was 
combined with group 2 and group 7 was combined with group 6 . 
Table 8 shows the original frequency of responses and Table
£■
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9 shows the recoded frequency of responses. Response rate 
was highest for group 5 (Bachelors degree), representing 
42.69% of all responses.
Table 8
Frequency of Responses by Levels of Education
Group Education Level Frequency Percent
1 High school 11 4.48
2 Technical school 11 4.48
3 Some college 44 17.89
4 Associate degree 32 13.01
5 Bachelors degree 105 42.69
6 Masters degree 39 15.86
7 Doctorate degree 4 1.59
TOTAL 246 100.00
All one-way ANOVAs resulted in non-significant F 
statistics for all seven topics as denoted in Table 10. 
Respondents' perceptions of important topics were not 
affected by level of education. Complete ANOVA tables are 
presented in Appendix C, Tables C-14 through C-20.
f  '
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Table 9
Recoded Frequency of Responses by Levels of Education
Group Educational Level Frequency Percent
1-2 High school and 
Technical school 22 8.94
3 Some college 44 17.88
4 Associate degree 32 13.01
5 Bachelors degree 105 42.69
6-7 Masters and 
Doctorate degrees 43 17.45
TOTAL 246 100.00
Question 5
Is there a significant relationship between the number 
of employees at the work site of the respondents (indicator 
of size of plant) and their perceptions of the important 
computer-based subject topics? There were nine groups of 
employees. All but groups 1 and 2 had a minimum of 20 
responses. Thus, groups 1 and 2 were combined for the 
purpose of data analysis. The original and recoded 
frequency of response are shown in Tables 11 and 12 
respectively. There was very little difference in the 
frequency of responses for groups 5 to 8 . The frequency of 
response rates for group 5 (25 0 to 49 9 employees) and group
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table 10
Summary Table of Non-Significant F Statistics for Important
Computer-Based Topics in Relation to Groupings by Level of
Education
Topic Mean
F
Ratio
F
Probability
Computer aided product 
design 2.75 .67 .61
Automated assembly 2.65 1.03 .39
Computer aided grinding, 
milling, bending, 
turning, and other 
operations 2.67 1.40 .23
Computer numerical 
control 2.94 .51 .73
Computerized controls of 
bills of materials 2.62 .64 .64
Computer aided 
production planning 
and control 2.96 .78 .54
Computer aided process 
control 2.72 .27 .90
8 (2500 to 9,999 employees) were the same, each representing 
13.41% of the total number of responses. Group 6 (500 to 
999 employees) had the highest frequency representing 16.67% 
of the total number of responses.
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Table 11
Frequency of Responses by Number of Employees
Group Employees Frequency Percent
1 1 to 19 11 4.47
2 20 to 49 12 4.88
3 50 to 99 21 8.54
4 100 to 249 31 12.60
5 250 to 499 33 13.41
6 500 to 999 41 16.67
7 1,000 to 2,499 39 15.86
8 2,500 to 9,999 33 13.41
9 10,000 or more 25 10.16
TOTAL 246 100.00
The results of the one-way ANOVAs indicated that three 
of the important computer-based subject matter topics 
generated significant F statistics at the .05 level of 
significance, (computer aided product design F = 2.48, df. 
7/236, p. <.05; computer aided process control F = 2.26, df. 
7/235, p. <.05; and automated assembly F= 2.13, df. 7/238, 
p. <.05), indicating that number of employees (size of 
plant) did have an effect on overall perceptions of these 
important topics. Each of these topics will be discussed 
individually.
f
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Table 12
Recoded Frequency of Responses by Number of Employees
Group Employees Frequency Percent
1-2 1 to 49 23 9.36
3 50 to 99 21 8.54
4 100 to 249 31 12.60
5 250 to 499 33 13.41
6 500 to 999 41 16.67
7 1,000 to 2,499 39 15.86
8 2,500 to 9,999 33 13.41
9 10,000 or more 25 10.16
TOTAL 246 100.00
Analysis of the computer-aided product design topic 
(Table 13) revealed five different pairs of groups (8 and 4, 
8 and 9, 8 and 3, 7 and 9, 7 and 3) with significant 
perception differences based on the number of employees 
(size of company). Computer aided product design had an 
overall mean value of 2.75. The lowest mean rating was 2.36 
for group 8 (2500 to 9999 employees). Group 3 (10,000 or 
more employees) had the highest rating at 3.19.,
f  :
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Table 13
Computer Aided Product Design by Number of Employees
Sum of Mean F F
Source D.F. Squares Squares Ratio Probability
Between
Group 7 15.82 2.26 2.48 .02
Within
Group 236 214.79 .91
Total 243 230.60
g g g g g g g g
r r r r r r r r
o o o o o o o o
u u u u u u u u
P P P P P P P p
8 7 5 6 1 4 9 3mean group
2.36 group 8
2.58 group 7
2.70 group 5
2.73 group 6
2.83 group 1
2.97 group 4
3.16 group 9
3.19 group 3
* pairs of groups significantly different at the .05 level
Computer aided process control had an overall mean 
value of 2.72. Four pairs of groups (1 and 9, 7 and 1, 1 
and 4, 7 and 5) with significant perception differences 
based on number of employees (size of company) are shown in 
Table 14. The lowest mean rating was 2.36 for groups 1 and 
2 (1 to 49) whereas the highest mean rating was 3.10 for 
group 7 (1,000 to 2,499).
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Table 14
Computer Aided Process Control by Number of Employees
Sum Mean F F
Source D.F. Squares Squares Ratio_____ Probability
Between
Groups 7 12.59 1.80 2.26 .03
Within
Groups 235 186.60 .80
Total 242 199.19
g g g g g g g g
r r r r r r r r
o o o o o o o o
u u u u u u u u
P P p P p p p P
1 4 5 6 3 8 9 7mean group
2.36 group 1
2.50 group 4
2.61 group 5
2.71 group 6
2.76 group 3
2.85 group 8
3.00 group 9
3.10 group 7
* pairs of groups significantly different at the .05 level
Analysis of automated assembly (Table 15) revealed 
three pairs of groups (3 and 6 , 3 and 5, 3 and 7) with 
significant perception differences based on number of 
employees (size of company). The lower values, 2.05 and 
2.55 represented smaller companies (50 to 99 and 1 to 49
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employees respectively). The higher values, 2.85 and 3.00 
represented moderate-size companies (250 to 499 and 1,000 to 
2,499 employees respectively).
Table 15
Automated Assembly by Number of Employees
Sum of Mean F F
Source D.F. Squares Squares Ratio______Probability
Between
Group 7 14.61 2.09 2.13 .04
Within
Group 238 233.32 .98
Total 245 247.94
g g g g g g g g
r r r r r r r r
o o o o o o o o
u u u u u u u u
P P P p P p P p
3 1 8 4 6 9 5 7mean group
2.05 group 3
2.53 group 1
2.55 group 8
2.58 group 4
2.66 group 6
2.68 group 9
2.85 group 5
3.00 group 7
* denotes pairs of groups significantly different at the .05 
level
A summary of the F statistics of the other important 
computer-based subject matter topics whose mean values did
F  :  '
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not vary significantly is presented in Table 16. Complete 
ANOVA tables are presented in Appendic C, Tables C-21 
through C-24.
Table 16
Summary Table of Non-Significant F Statistic for Important
Computer-Based Topics in Relation to Groupings by Number of
Employees
Topic Mean
F
Ratio
F
Probability
Computer aided grinding, 
milling, bending, 
turning and other 
operations 2.67 1.26 .27
Computer numerical 
control 2.94 1.11 .36
Computerized controls 
of bills of materials 2.62 1.03 .41
Computer aided 
production planning 
and control 2.96 .91 .50
Question 6
In relation to the computer-based subject matter 
topics,is there a significant different between the 
perceptions of respondents who are directly involved in the 
hiring of technically trained college graduates and those 
who are not? Table 17 shows that nearly two thirds (62.61%)
E ;
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
of the respondents were not directly involved in the hiring 
of technically trained college graduates. The results of 
the one-way ANOVAs of the important computer-based subject 
matter topics by involvement in the hiring process indicated 
that there were no significant differences in the mean 
values of any of the computer-based subject matter topics. 
This indicates that perceptions of important topics were not 
affected by involvement in the hiring process. Table 18 
shows a summary of the F statistic values from those 
calculations. Complete ANOVA tables are presented in 
Appendix C, Tables C-25 through C-31.
Table 17
Percentage Distribution of Respondents' Involvement in the 
Hiring Process
Percent
Directly involved 92 37.39
Not Directly Involved 154 62.61
Total 246 100.00
E ;  -
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Table 18
Summary Table of Non-Significant F Statistics for Important 
Computer-Based Topics in Relation to Groupings by 
Involvement in the Hiring Process
F F
Topic____________________ Mean________ Ratio_______ Probability
Computer aided 
product design 2.75 .37 .54
Automated assembly 2.65 .08 .78
Computer numerical 
control 2.94 .11 .74
Computer aided grinding 
milling, bending, 
turning and other
operations 2.67 .73 .39
Computerized controls 
of bills and
materials 2.62 .14 .71
Computer aided 
production planning
and control 2.96 .06 .81
Computer aided process 
control 2.72 1.05 .31
f. :
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CHAPTER V
SUMMARY, FINDINGS, DISCUSSION, CONCLUSIONS, AND
RECOMMENDATIONS
Summary
Statement of the Problem
This study identified the perceptions of practicing 
manufacturing engineers in the manufacturing industry 
regarding the importance of computer-based subject matter 
topics required for graduates of undergraduate manufacturing 
technology programs. Topics rated as important were 
analyzed to-determine if respondents' perceptions were 
significantly affected by extent of industrial experience, 
level of education, size of plant as measured by number of 
employees, type of product manufactured (Standard Industrial 
Classification) and extent of direct involvement in the 
hiring of technically trained college graduates.
Significance of the Study
The findings of this study added to the body of 
knowledge on the important computer-based subject matter 
topics to be considered for inclusion in manufacturing 
technology curricula. By comparing important computer-based 
subject matter topics against each independent variable, it 
was possible to determine if the respondents' perceptions
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were significantly affected by their industrial experience, 
level of education, the number of employees at their work 
site, the type of product manufactured at their work site 
(Standard Industrial Classification), and participation in 
the hiring of technically trained college graduates.
The results of those comparisons were interpreted in 
two ways. Results that produced non-significant variances 
were determined to be most important for curricula purposes. 
Lack of variation would suggest that a core group of 
computer-based subject matter topics should be incorporated 
into curricula for all students entering the manufacturing 
field. When there was a significant amount of variation in 
the results, those relationships were highlighted because of 
the effect they could have on both students and 
administrators of manufacturing programs. Rather than 
having all students taking the same content, administrators 
could diversify the programs based on the relationships 
identified to be significant in the study. Also, 
administrators can use the findings to develop cooperative 
education programs for students and serve as a guide for 
selecting advisory board members with expertise in selected 
areas.
The findings of this study along with those of the 
Battelle Laboratories (1979) study could be used as the 
foundation for developing the "manufacturing science
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curricula" as advocated by Bloch (1985). The findings of 
this study could be used along with those of other studies 
to determine the types of knowledge needed in the "emerging 
computer-based manufacturing field" (Desrochers & DeRusso, 
198 4). The findings should also enhance the 
professional/technical preparation of manufacturing 
technology graduates entering the manufacturing industry.
Research Questions
This was a descriptive study which collected data from 
practicing manufacturing engineers in manufacturing 
industries on the importance of computer-based subject 
matter topics which they perceived as required for 
industrial technology graduates seeking employment in the 
manufacturing industry.
This study identified computer-based subject matter 
topics in industry that today's manufacturing engineer will 
need to be successful in that industry. To identify those 
computer applications, this study utilized the 
following research questions:
1. What are the important computer-based subject 
matter topics for manufacturing technology programs as 
perceived by practicing manufacturing engineers?
2. Is there a significant relationship between the 
type of product manufactured and the respondents'
r
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perceptions of important computer-based subject matter 
topics for manufacturing technology programs?
3. Is there a significant relationship between the 
amount of industrial or manufacturing experience of the 
respondents and their perceptions of the important computer- 
based subject matter topics?
4. Is there a significant relationship between the 
educational level acquired by the respondents and their 
perceptions of the important computer-based subject matter 
topics?
5. Is there a significant relationship between the 
number of employees at the work site of the respondents 
(indicator of plant size) and their perceptions of the 
important computer-based subject matter topics?
6. In relation to the computer-based subject matter 
topics, is there a significant difference between the 
perceptions of respondents who are directly involved in the 
hiring of technically trained college graduates and those 
who are not?
Review of the Literature
The review of the literature was focused in two areas: 
(a) writings which highlighted collaboration between 
industry and academic institutions, and (b) writings which 
discussed knowledge areas perceived as appropriate for
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industry. As indicated by the review of the literature, 
changes in the manufacturing industry in the near future 
will occur in the areas of systems applications in 
manufacturing techniques.
Methodology
This study used a questionnaire as the means of 
collecting data. The questionnaire was pilot tested for 
content validity, and minor revisions were made before it 
was mailed to 425 practicing engineers. The study 
identified seven important computer-based subject matter 
topics by calculating the mean value and t value for each of 
the 24 topics. The seven important topics had a mean value 
of 2.50 or higher and a t value of 1.65 or higher. The 
important topics and independent variables were further 
analyzed by means of a one way analysis of variance.
The one-way analysis of variance was performed to 
identify potential relationships between the independent 
variables (type of product manufactured, number of employees 
at the work site, level of education acquired, years of 
industrial experience, and hiring responsibilities of the 
respondents) and the dependent variable (important computer- 
based subject topics). Those relationships which were found 
to be significant based on F statistics were further 
analyzed to determine which pairs of groups contributed to
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the significant relationships. The data was analyzed using 
the Statistical Package for the Social Sciences (SPSSX).
The level of significance for this study was .05.
Findings of the Study 
The findings of the study were from two analyses. The 
first analysis determined the important computer-based 
subject matter topics. The second analysis identified those 
important computer-based subject matter topics that had 
significant F statistics as a result of the interaction with 
the independent variables.
Important Computer-Based Subject Matter Topics
Seven of the twenty-four computer-based subject matter 
topics were perceived important by practicing manufacturing 
engineers. The seven topics were: (a) computer aided 
production planning and control, (b) computer numerical 
control, (c) computer aided product design, (d) computer 
aided process control, (e) computer aided grinding, milling, 
bending, turning, and other operations, (f) computerized 
controls of bills of materials, and (g) automated assembly.
Relationships Between the Independent Variables and the 
Important Computer-Based Subject Matter Topics
Standard Industrial Classification (SIC) and number of 
employees were the only independent variables which had
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significant F statistics as a result of the relationship 
with the important computer-based subject matter topics.
The only important topic which was affected by SIC was 
automated assembly. Number of employees (size of plant) had 
an effect on three important topics; computer aided product 
design, automated assembly and computer aided process 
control.
Discussion
This study has shown that certain computer-based 
subject topics which emphasize the "systems" approach to 
manufacturing are important for graduates of manufacturing 
technology programs. This coincides with the writings of 
Aggarwal (1985), Alfthan (1985), Desrochers and Derusso 
(1984) , and Hazony (1983). Even though each of the 24 
topics could be linked with computers in a systems 
applications in the manufacturing industry, only seven were 
perceived as important. Those seven should be essential for 
the factory of the future. The seven important computer- 
based subject matter topics accounted for only 29.17% of the 
24 computer-based subject matter topics.
Five of the seven important computer-based subject 
matter topics were universally chosen. They represent 
71.43% of the important computer-based subject topics.
This finding was very important because of the implications
E
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for administrators of manufacturing programs. The major 
implication is in the curriculum development area. Those 
five computer-based topics should be included in all 
curricula for manufacturing technology programs. According 
to professionals in industry, these computer applications 
are most important regardless of company or industry 
demographics.
None of the literature reviewed for this study 
discussed the size of the workforce as a factor in the 
manufacturing industry. This study has found that the 
number of employees at the worksite (company size) to be an 
influence in the perceptions of certain computer-based 
topics. Computer aided product design, computer aided 
process control, and automated assembly were topics with 
mean values which were significantly different as a result 
of their relationship with the variable, number of 
employees.
Computer aided product design had a mean value of 2.36 
for responses from persons who worked.with 2,500 to 9,999 
co-workers (group 8). Those persons did not value computer 
aided product design. That value was significantly 
different from 2.97, 3.16, and 3.19 which were the mean 
values of responses from persons working with 10 0 to 249 
(group 4), 10,000 or more (group 9), and 50 to 99 (group 3)
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co-workers respectively. Why group 8's mean value is that 
low is not known.
Computer aided process control was valued low by 
persons who worked in very small companies, 1 to 49 
employees. The specific requirements of highly skilled 
personnel and major computer dependency of computer aided 
process control could be factors which contributed to the 
low ratings given to this topic by those persons. Very 
small companies may not be able nor willing to make the 
investment in dollars generally associated with this topic.
Automated assembly was perceived as having very little 
value by persons who worked with 50 to 99 co-workers (group 
3). Those respondents only accounted for 8.54% of the total 
responses and their mean value was 2.05. Although that 
value was significantly different from the mean values of 
responses from groups 6, 5, and 7, it was felt that the 
types of operations associated with automated assembly are 
generally found in mass production companies. Mass 
production companies tend to have more than 99 employees.
Type of product manufactured was the only other 
independent variable whose relationship with the dependent 
variables resulted in mean values which were significantly 
different. The relationship between automated assembly and 
type of product manufactured resulted in several pairs of 
groups having mean values which were significantly
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different. Persons who worked in the machinery, except 
electrical (group 16), had the lowest mean value (2.17) for 
this topic. That value was significantly different from 
values of 2.74 and 3.09 from responses from persons who 
worked in the fabricated metals manufacturing (group 15) and 
electrical and electronic machinery (group 17) sectors of 
the manufacturing industry.
There appears to be a rationale for the differences 
between the mean values of group 15 and group 16.
Fabricated metal products tend to involve operations which 
lend themselves to automation. Therefore, one might expect 
higher ratings on the automated assembly topic from the 
metal products group as compared to responess from 
respondents who worked in the machinery, except electrical 
sector.
What caused the significant differences between the 
mean values of the responses from persons who worked in the 
machinery, except electrical and those who worked in the 
electrical and electronics machinery sectors is unknown.
The skill requirements of both sectors are similar. Yet the 
responses from the electrical and electronics group yielded 
a mean value which was .92 of a point higher than the 
responses from the machinery, except electrical sector.
When administrators of manufacturing technology 
programs review the computer-based subject matter topics
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which were perceived as important, they should critique 
those which had mean values which were significantly 
different as a result of their relationship with the type 
of product manufactured and number of employees. Careful 
consideration should be given to factors which could have 
caused those differences.
The computer-based subject matter topics which did not 
have a mean value of 2.50 or higher tended to be of the 
single type operations. Robotics, automatic part feeding, 
cellular manufacturing, and others are operations which can 
be computerized but also operate as an entity. The urgency 
to incorporate these operations into the organization's 
manufacturing system might not be there because of their 
ability to function as stand along operations.
The three computer-based subject matter topics which 
had mean values of 2.50 or higher but did not have a 
significant t value should be considered as possible 
replacements for other areas of curricula which are being 
revised after the seven important topics have been 
incorporated into those curricula.
This study has shown that type of manufacturing 
industry and company size should be considered when placing 
graduates with knowledge and skills in automated assembly. 
Company size should also be considered when placing 
graduates with knowledge and skills in computer aided
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process control and computer aided design. Five of the 
seven important computer-based subject matter topics should 
be in all manufacturing technology curricula. Their 
importance was not influenced by any of the demographic 
variables of this study. The three topics which did not 
have significant t values should be considered as possible 
replacements after the seven have been incorporated into 
curricula.
Conclusions
Based on the findings of this study, the following 
conclusions can be made:
1. The important computer-based subject matter topics 
which should be included in curricula of manufacturing
I
technology programs are: (a) computer aided production
planning and control, (b) computer numerical control,
(c) computer aided product design, (d) computer aided 
process control, (e) computer aided grinding, milling, 
bending, turning, and other operations, (f) computerized 
controls of bills of materials, and (g) automated assembly.
2. Computer aided product design, computer numerical 
control, computerized controls of bills of materials, 
computer aided planning and control, and computer aided 
grinding, milling, bending, turning, and other operations
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are the important computer-based subject matter topics that 
have universal acceptance in the manufacturing industry.
3. Persons who worked in the machinery sector (except 
electrical) of the manufacturing industry perceived the 
importance of automated assembly less than those who worked 
in the fabrication metals products and electrical and 
electronics machinery sectors.
4. Persons who worked in companies with 2,500 to 9,999 
employees perceived the importance of computer aided product 
design at a significantly lower level than those who worked 
in companies with 50 to 99, 100 to 249, and 10,000 or more 
employees.
5. Persons who worked in companies with 1,000 to 2,499 
employees perceived the importance of computer aided product 
design at a significantly lower level than those who worked 
in companies with 50 to 99 and 10,000 or more employees.
6. Persons who worked in very small companies (1 to 49 
employees) perceived the importance of computer aided 
process control at a significantly lower level than those 
who worked in large (1,000 to 2,499 employees) and very 
large (10,000 or more employees) size companies.
7. Persons who worked in small (100 to 249 employees) 
and medium size companies (250 to 499 employees) perceived 
the importance of computer aided process control at a
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significantly lower level than those who worked in large 
(1,000 to 2,499 employees) size companies.
8. Persons who worked in companies with 50 to 99 
employees perceived the importance of automated assembly at 
a significantly lower level than those who worked in 
companies with 250 to 499, 500 to 999, and 1,000 to 2,499 
employees.
9. Respondents' perceptions of the importance of the 
computer-based subject matter topics were not significantly 
affected by any of the following variables: level of 
education; amount of industrial experience; and involvement 
in the hiring of technically trained college graduates.
Recommendations
The following recommendations are made:
1. Administrators of manufacturing programs should 
consider including in their curricula the important 
computer-based subject matter topics from this study.
2. Manufacturing organizations with in-house training 
programs should review the important computer-based subject 
matter topics from this study for topics to be incorporated 
into training programs.
3. The Society of Manufacturing Engineers should 
review the important computer-based subject matter topics of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
this study for consideration when preparing documents on the 
educational needs of manufacturing engineers.
4. This study should be replicated in 3 to 5 years to 
determine how these computer-based subject topics are' 
perceived by practicing manufacturing engineers at that 
time.
5. Other studies should be conducted with subject 
matter topics which are not computer oriented to identify 
other educational needs for future graduates of 
manufacturing technology programs.
6. Researchers should continue to give high priority 
to structuring curriculum related investigations that 
promote collaborations between education and industry.
7. Other studies should be conducted to investigate 
the important computer-based subject matter topics at a 
higher level of specificity with regard to delineating the 
specific tasks or competencies within each topic.
8. Other studies should be conducted to determine 
where these important computer-based subject matter topics 
could be integrated into undergraduate manufacturing 
technology programs.
f  : .........
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r h o M ( 3 ( « )  2 7 3 - 2 A H I
Anthony C. Favre October 19, 1987
Industrial Technology Center 
University of Northern Iowa 
Cedar Falls, IA 50614-0178
Sir:
I am conducting a survey to determine which computer-based subject matter 
topics are most Important for graduates of an undergraduate manufacturing 
technology program. Manufacturing engineers like yourself are needed to 
Inform educators on what competencies graduates need to acquire in order to be 
successful in industry. Hr. Duane Jansen, Chairman of Region VI, and Hr.
Roger Lear, Chairman, Chapter 186 of the Society of Manufacturing Engineers, 
have been instrumental in providing suggestions and information needed to 
conduct this study.
I hope that you will take a few minutes to complete the enclosed question­
naire, and use the self-addressed, stamped envelope to return it to me by 
October 30, 1987. All responses will be grouped and reported in summary form. 
Thus, the confidentiality of your responses is guaranteed. Obtaining your 
perceptions via the survey Is vital to the success of this study.
You will receive a thank you letter Indicating that the study has been 
completed. If you are interested in the results of this study, 1 will be very
pleased to send you a summary. I will enclose a Summary Response Form in my
thank you letter and, upon receipt of that form, 1 will forward to you a copy
of the summary. Additionally, a summary will be made available to other
educators who are involved with manufacturing technology programs and the 
industrial community through organizations like SHE.
Thanking you in advance for y our participation in the success of this survey,
1 remain.
Respectful ly.
Anthony C / F a v r e
Enclosiffe: Survey Questionnaire
f  '
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Please Return by 30 Oct 1987
IMPORTANT COMPUTER-BASED SUBJECT MATTER TOPICS REQUIRED IN THE 
MANUFACTURING INDUSTRY
Thanks (or your assistance and cooperation in conducting this study.
Instructions
When completing this questionnaire you will be requested to make one of two types of 
responses:
Example
1. Place a check in the space provided
2. Circle the number of your response
A What is the major product manufactured by your company or organization? {Review this list 
carefuly and select only one.)
13. Stone, day, and glass products
14. Primary metals manufacturing
15. Fabricated meial products (e.g. 
machine tools, metal stampings, 
plumbing fixtures, electroplating)
16. Machinery, except electrical (e.g. 
machine tools, dies, jigs, and fixtures)
17. Electric and electronic machinery 
andequipment
18. Transportation equipment
19. Instruments and related products
20. Miscellaneous manufactured products
21. No manufacturing activity
1. Food and kindred products
2. Tobacco manufacturing
3. Textile m3 products
4. Apparel, other textile
5. Lumber and wood products
£
6. Furniture and fixtures
7. Paper and aKed products
8. Printing and pubfishing
9. Chemicals and allied products
10. Petroleum and coal products
11. Rubber and plastic products .
12. Leather and leather products
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
B. How many employees are there at your work site? (Select one)
  1. 1 to 19   6. 500 to 999
  2. 20 to 49   7. 1.000 to 2.499
 3. 50 to 99   8. 2.500 to 9,999
 4. 100 to 249   9. 10.000 or more
  5. 250 to 499
C. What is the highest level of formal education you have obtained?
(Select only one)
  1. high school diploma or equivalent
  2. technical institute diploma or equivalent
 3. some college, but no degree
 4. associate degree
 5. bachelors degree
 6. masters degree
 7. doctorate degree
D. How many years have you been working in the manufacturing industry?
(Select only one)
  1. less than 2 years  4. 10 to 20 years
 2. 2 to 4 years 11 months   5. more than 20 years
 3. 5 to 9 years 11 months
E. Are you directly involved in the hiring of technically trained college graduates at your worksite?
Y N Please circle your answer.
The following items represent different types of knowledge which are applicable in the 
manufacturing environment. Please indicate the importance of each item. Importance should be 
based on hiring a college graduate with that particular knowledge for a position as a 
manufacturing engineer, production supervisor, manager or other professional/technical positions 
in the manufacturing industry. Using a rating scale of 1 (least important) to 4 (most important), 
please circle your choice.
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Computer-Based Sublect Matter Topics
1. computer aided machine design
2. computer aided product design
3. robotics
4. computer aided quality control
5. automated assembly
6. adaptive controls (sensor devices)
7. computer aided machine finishing
8. computer aided grinding, milling, bending, 
turning, and other operations
9. computer control of individual machine scheduling
10. programmable logic controllers
11. automatic part feeding
12. computer numerical control
13. computer control laser operations
14. automated diagnostics
15. computer utilization in energy and material 
optimization in manufacturing
16. computer aided handling, storage and 
distribution of parts and materials
17. computerized controls of bills of materials
18. computer aided production planning and control
19. computer aided plant maintenance
20. computer aided plant layout
21. small batch discrete parts manufacturing
22. computer aided process control
23. cellular manufacturing
24. computer-based operations research
Least
Important
Rating
Most
Important
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
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D epartm ent of In d u s tr ia l Technology M a X f b l  T a H l ln ;  C m u >
r.u., im (oat*
n»M (31«) m-iMi
October 23, 1987
Dear Manufacturing Professional:
This letter is a follow-up to the survey you have recently received. As 
stated in the cover letter, your perceptions of the important computer-based 
subject matter topics is needed. Please complete the survey and return it to 
me in the envelope provided. For this study to be a success, your response is 
needed by October 30, 1987.
Thanks for your assistance on such an important matter.
Respectfully,
. FavreAnthony
r  :
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University of Northern Iowa
D epartm en t of In d u s tr ia l T echnology I n d u s t r ia l  t a e l u w l o f ;  C a n ta r  
C sd a r T s l le .  U v i  K W H
Anthony C. Favre November 6, 1987
Industrial Technology Center 
University of Northern Iowa 
Cedar Falls. 1A 50614-0178
Dear Manufacturing Professional:
On October 19, 1987, I sent you a survey which I am conducting to determine 
which computer-based subject matter topics are most important for graduates of 
an undergraduate manufacturing technology program. To date, I have not 
received your completed form and I am writing you again to let you know how 
important it is that I hear from you. Manufacturing engineers like yourself 
are needed to inform educators on what competencies graduates need to acquire 
in order to be successful in industry. This survey provides a means of 
collecting this vital information.
I hope, at this time, that you will take a few minutes from your busy schedule 
to complete the questionnaire. I have enclosed another form for your 
convenience along with a self-addressed, stamped envelope to expedite the 
return mailing. Please be assured that the confidentiality of the responses 
you provide today will be maintained.
Thanking you in advance for your participation in the success of this survey,
I remain.
Respectfully,
nthony C
Enclosun
A ./Favre
closure!: Survey Questionnaire
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University of Northern Iowa
Department of Industrial Technology
O e*B r F m lle . 
i(tll)
February 12, 1988
Dear Manufacturing Professional:
I want to thank you for your contribution to my study 
which identified the computer-based subject setter topics 
which were perceived as Important for graduates of an 
undergraduate Manufacturing technology program.
Because of your Input, 1 was able to Identify six topics 
as Important. These topics were: (a) computer aided product 
design; (b) automated assembly; (c) computer aided grinding. 
Milling, bending, turning, and other operations; (d) compu­
terized control of bills of materials; (e) computer aided 
production planning and control; and (f) computer aided 
process control. The type of product manufactured and 
number of employees at the work site were the only variables
which had an effect on the topics.
.As stated 1n my October 19 letter to you, I will send you
a suimnary of the findings at your request. My mailing
address is:
Anthony C. Favre 
10821 Yardley Road 
Mew Orleans, LA 70127
Again, thanks for your help in completing this study.
Respectfully,
Anthony / .  Favre
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SOCIETY OF 
MANUFACTURING 
ENGINEERS
tM AlllliN'N UlC»«*CAN 4|1}1 USA
niOM t ?>I 1100 * " l *  COW 3 0  
l |  11 > .’I t l i :  sw f u n  |Vt* I H »
'VtiiiinM s i  civini n innn  nrwo am i i vt 1 d
torch 19. 1987
Anthony C. Favre 
Graduate Assistant 
University of Northern Iowa 
Department of Industrial Technology 
Industrial Technology Center 
Cedar Falls, Iowa 5 0 6 M
Dear Anthony,
Enclosed is a copy of the SHE study, “The Manufacturing Engineer: Past, 
Present and Future". We too, have had a difficult time securing copies and 
arranged to have several copies made. You have our permission to use 
questions from the survey in your research and modify them as you see fit 
for your purposes.
There are several options to explore for securing industry names for your 
survey." Unfortunately, our policy does not allow the release of membership 
names. However, we can make available mailing lists of conference and show 
attendees, which will include a high percentage of SHE members. These can 
be selected by geographic areas, job title and several other categories 
including industry type, etc. Enclosed is information on what is available 
for your review. I would be glad to help you further with your selection.
The only other manner in which SHE member names might be obtained is to ask 
the local SHE Chapters if they would allow you to use their membership 
rosters. If you wish to persue that, then contact the chapters directly 
through the Chapter Directory that I’ve enclosed.
Securing labels in this manner may preclude the need for any letter of 
endorsement from me. However, if you feel otherwise, I would be glad to 
write one for you.
I hope this is helpful. Sorry for the delay in getting back to you. Let me 
know how else I might be able to assist in your endeavors.
Sincerely,
Hark J. Stratton 
Manager,
Manufacturing Engineering Education 
/mjs
enclosures
Z
f
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October 9, 1987
Mr. Hark J. Stratton, Manager 
Manufacturing Engineering Education 
Society of Manufacturing Engineers 
One SHE Drive 
P.O. Bo* 930 
Dearborn, Ml 48121
Oear Mark:
I appreciate the time and effort you are providing my research on the 
Important Computer-Based Subject Hatter Topics Required of Graduates From 
Manufacturing Technology Programs. I have enclosed for your review an 
abstract of this research along with a draft of the instrument which will be 
used to collect data.
As we discussed on October 8, I am requesting a mailing list of 400 names of 
persons who have attended SHE sponsored technical activities (i.e. 
conferences) and have provided data on the job duties in the areas of 
industrial, manufacturing, mechanical and/or tool engineers. Those persons 
will become the sample for my research. To prevent any biases from 
influencing the data for this Study, the 400 names must be randomly selected! 
Once the names have been randomly drawn. 1 will need 4 sets of mailing labels.
In appreciation of your time and efforts, you and SHE will be acknowledged in 
my final report and I will send you a copy of the findings of this research. 
Thanks again for you r  help.
Respectful1y,
Anthony/C. Favre
cc: nr. Roger Lear
/Or. Oouglas T. Pine
Hr. John Poswalk
r
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D epartm en t of In d u s tr ia l Technology l * 4 u i l r l t t  T v a h a to la f?  C * n U r  
M u  r«iu. i m  lotH  
rtion* |9II| *73-tM |
September 2, 1987
Thanks for taking the time to critique the enclosed questionnaire. As we have 
discussed In our earlier conversation, your expertise and comments 1n 
analyzing Its format are greatly appreciated. The questionnaire Is part of my 
doctoral dissertation at the University of Northern Iowa. The purpose of the
study Is to Identify the perceptions of professional/technical employers in
the manufacturing Industry of the appropriate computer-based subject matter 
topics for graduates of manufacturing technology programs.
You and five other members of SHE's Waterloo chapter, along with Hr. Duane 
Jansen, Chairman -Region VI, are serving as the panel of experts to critique 
the questionnaire. You were selected to serve on this panel by Or. Douglas 
Pine (Chairperson) and Dr. Mohammed Famny (Co-Chairperson) of my doctoral 
committee. After your comments have been incorporated Into the revised 
format, it will be mailed to 400 randomly selected members of Region VI. Mr. 
Jansen has consented to my using members of Region VI for this study.
In your anlaysis of this questionnaire, I would appreciate your comments and 
suggestions on:
1. Job Titles - additions and/or deletions
2. level of Education - additions and/or deletions
3. Instructions for selecting the appropriateness of different
types of knowledge required for hiring a college graduate - 
clarity and completeness
4. Topics - additions and/or deletions
Any other suggestions for Improvement will be greatly appreciated.
I would very much appreciate having your comments and suggestions by September 
14, 1987. I have enclosed a stamped self-addressed envelope for returning 
your questionnaire to me. After the study Is completed, I will send you a 
summary of the findings.
Again thanks for your assistance with this study.
Respectfully.
(nthony C / Favre
r
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C * 4 if  f « 1 U .  U « «  M t H
rh«w (3 |t | 173-IUI
October 22. 1987
Thanks for critiquing the draft of the questionnaire for my study. Based on 
your suggestions, I have made revisions to the draft. Dr. Pine, my advisor, 
and t have chosen the enclosed copy as the questionnaire for this study. One 
major revision made was the elimination of job title as a demographic 
category. This was precipitated by the manner in which the mailing 11st was 
compiled. According to Mr. John Poswalk at SHE headquarters, the mailing list 
was compiled from persons who Identified themselves as manufacturing 
engineers. Therefore, for this study, all respondents are assumed to be 
manufacturing engineers.
Hr. Roger Lear, Chairman of the Waterloo chapter, has already received his 
copy of the enclosed questionnaire. Again, thanks for your assistance with 
this very Important task.
Res pe c tf u ll y ,
Anthony C
Enclosuri
 /  Favre 
osur/
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Society of
Manufacturing Engineers
November 3, 1987
Hr. Anthony C. Favre 
University of Northern Iowa 
Department of Industrial Technology 
Industrial Technology Center 
Cedar Falls. IA 50614
Dear Mr. Favre:
Thank you for using an SHE mailing list for your graduate research.
Your four lists of 437 names were constructed according to the following 
criteria: 1) SHE Exposition Attendees within the last two years; 2) Job 
Function— Manufacturing Engineering (supplied by attendee, not assigned to 
him); 3) Nth or random selection from universe of 44,653 names (1 of every 
100). The random selection also maintains the geographic breakdown of the 
complete universe of names.
Best of luck on your research, and I look forward to seeing the results of 
your study.
Sincerely,
'Oohn Poswalk 
Hailing List Services
JP/rkc
S ocie ty  o f M a n u fac tu rin g  Engineers •  O n e  S M 6  D rive •  P .O . B o* 9 3 0  •  D earborn . M ich ig an  4 8 1 2 1  U S A  
(3131  2 7 1 - 1 5 0 0  •  TE LEX  2 9 7 7 4 2  S M E  U R  (V IA  R C A ) •  F A X  (3 1 3 ) 2 7 1  2 8 6 1
r
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Table C-l
Standard Industrial Classification by Computer Aided Product 
Design
Sum Mean F F
Source D.F. Squares Squares Ratio_____ Probability
Between
Groups 4 5.13 1.28 1.37 .25
Within
Groups 194 181.30 .94
Total 198 168.42
Table C-2
Standard Industrial Classification by Computer Aided 
Grinding, Milling. Bending, Turning and Other Operations
Source D.F.
Sum
Sguares
Mean
Sguares
F
Ratio
F
Probability
Between
Groups 3 .69 .23 .22 .88
Within
Groups 237 249.68 1.05
Total 240 250.37
f  :
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Table C-3
Standard Industrial Classification by Computer Numerical 
Control
Source
Sum
D.F. Squares
Mean
Squares
F
Ratio
F
Probability
Between
Groups 4 3.49 .87 1.02 .40
Within
Groups 193 164.51 .84
Total 197 168.00
Table C-4
Standard Industrial Classification by Computerized Control 
of Bills of Materials
Source
Sum
D.F
Mean 
. Squares
F
Squares
F
Ratio Probability
Between
Groups 4 1.28 .32 .30 .88
Within
Groups 193 204.76 1.06
Total 197 206.04
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Table C-5
Standard Industrial Classification by Computer Aided 
Production Planning and Control
Source
Sum
D.F
Mean 
. Squares
F
Squares
F
Ratio Probability
Between
Groups 4 2.50 .62 .68 .61
Within
Groups 193 178.26 .92
Total 197 180.75
Table 0 6  
Standard Industrial Classification by Computer Aided Process
Control
Source
Sum 
D.F. Squares
Mean
Squares
F
Ratio
F
Probability
Between
Groups 4 5.96 1.49 1.88 .12
Within
Groups
Total
193 152.85 
197 158.81
.79
w  ' ................
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Table C-7
Amount of Industrial Experience by Computer Aided Product 
De sign
Source
Sum
D.F. Squares
Mean
Squares
F
Ratio
F
Probability
Between
Groups 3 3.24 1.08 1.14 .33
Within
Groups 240 227.37 .95
Total 243 230.60
Table C-8 
Amount of Industrial Experience by Automated Assembly
Source
Sum
D.F. Squares
Mean
Squares
F
Ratio
F
Probability
Between
Groups 3 4.21 1.40 1.39 .25
Within
Groups
Total
242 243.73 
245 247.94
1.01
F ;
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Table C-9
Milling, Bending, Turning , and Other Operations
•
Source
Sum 
D.F. Squares
Mean F 
Squares Ratio
F
Probability
Between
Groups 3 .69 .23 .22 .88
Within
Groups 237 249.68 1.05
Total 240 250.37
Table C- 10
Amount of Industrial Experience by Computer Numerical
Control
Source
Sum
D.F. Squares
Mean F 
Squares Ratio
F
Probability
Between
Groups 3 .83 .27 .31 .82
Within
Groups 239 215.97 .90
Total 242 216.80
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Table C-ll
Bills of Materials
Sum
Source D.F. Squares
Mean
Squares
F
Ratio
F
Probability
Between
Groups 3 1.95 .68 .63 .60
Within
Groups 239 245.32 1.03
Total 242 247.27
Table 0 1 2
Amount of Industrial Experience by Computer Aided Production
Planning and Control
Sum
Source D.F. Squares
Mean
Squares
F
Ratio
F
Probability
Between
Groups 3 1.85 .62 .66 .58
Within
Groups 239 222.14 .93
Total 242 223.98
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Table C-13
Amount of Industrial Experience by Computer Aided Process 
Control
Source D.
Sum 
F. Squares
Mean
Squares
F
Ratio
F
Probability
Between
Groups 3 1.52 .51 .61 .61
Within
Groups 239 197.67 .83
Total 242 199.19
Table C-14
Level of Education by Computer Aided Product Design
Source
Sum
D.F. Squares
Mean F 
Squares Ratio
F
Probability
Between
Groups 4 2.58 .64 .67 .61
Within
Groups
Total
237 226.47 
2411 229.04
.96
F  ' 'r-
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Table C-15
Level of Education by Automated Assembly
Source D.
Sum 
F. Squares
Mean
Squares
F
Ratio
F
Probability
Between
Groups 4 4.18 1.05 1.03 .39
Within
Groups 239 242.90 1.02
Total 243 247.08
Table C-16
Level of Education by Computer Aided Grinding, Milling,
Bending, Turning, and Other Operations
Source
Sum Mean 
D.F. Squares Squares
F
Ratio
F
Probability
Between
Groups 4 5.79 1.45 1.40 .23
Within
Groups
Total
234 241.29 
238 247.08
1.03
r  " ' ~..........
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Table C-17
Level of Education by Computer Aided Numerical Control
Source
Sum 
D.F. Squares
Mean
Squares
F
Ratio
F
Probability
Between
Groups 4 1.83 .46 .51 .73
Within
Groups 236 212.83 .90
Total 240 214.66
Table C-18
Level of Education by Computerized Controls of Bills of
Materials
Sum
Source D.F. Squares
Mean
Squares
F
Ratio
F
Probability
Between
Groups 4 2.61 .65 .64 .64
Within
Groups 236 242.41 1.03
Total 240 245.02
¥■ : ....
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Table C-19
Level of Education by Computer Aided Production Planning and 
Control
Source D.
Sum 
F. Squares
Mean
Squares
F
Ratio
F
Probability
Between
Groups 4 2.92 .73 .78 .54
Within
Groups 236 220.04 .93
Total 240 222.96
Table C-20
Level of Education by Computer Aided Process Control
Source D.
Sum 
F. Squares
Mean
Squares
F
Ratio
F
Probability
Between
Groups 4 • 00 VO .22 • to .90
Within
Groups 236 196.68 .83
Total 240 197.56
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Table C-21
Number of Employees by Computer Aided Grinding, Milling, 
Bending, Turning, and Other Operations
Source D.
Sum 
F. Sguares
Mean
Squares
F
Ratio
F
Probability
Between
Groups 7 9.16 1.31 1.26 .27
Within
Groups 233 241.22 1.04
Total 240 250.37
Table C-22
Number of Employees by Computer Numerical Control
Source D.
Sum 
F. Squares
Mean
Squares
F
Ratio
F
Probability
Between
Groups 7 6.95 .99 1.11 .36
Within
Groups 235 209.85 .89
Total 242 216.80
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Table C-23
Number of Employees by Computerized Controls of Bills of 
Materials
Source D.
Sum 
F. Squares
Mean
Squares
F
Ratio
F
Probability
Between
Groups 7 7.36 1.05 1.03 .41
Within
Groups 235 239.91 1.02
Total 242 247.27
Table C-24
Number of Employees by Computer Aidedi Production Planning
and Control
Sum Mean F F
Source D.F. Squares Squares Ratio Probability
Between
Groups 7 5.90
00• .91 .50
Within
Groups 235 218.09 .93
Total 242 223.98
f   ---------------------------------------------------------------------- — ............................................
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Table C-25
Hire by Computer Aided Product Design
Source D.
Sum 
F. Squares
Mean
Squares
F
Ratio
F
Probability
Between
Groups 1 .35 .35 .37 .54
Within
Groups 242 230.25 .95
Total 243 230.60
Table C-26
Hire by Automated Assembly
Source D.
Sum 
F. Squares
Mean
Squares
F
Ratio
F
Probability
Between
Groups 1 .08 .08 .08 .78
Within
Groups
Total
244
245
247.85
247.94
1.02
r
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Table C-27
and Other Operations
Sum Mean F F
Source D.F. Squares Squares Ratio Probability
Between
Groups 1 .77 .77 .73 .39
Within
Groups 239 249.61 1.04
Total 240 250.37
Table C--28
Hire by Computer Numerical Control
Sum Mean F F
Source D.F. Squares Squares Ratio Probability
Between
Groups 1 .10 .10 .11 .74
Within
Groups 241 216.70 .90
Total 242 216.80
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Table C-29
Hire by Computerized Controls of Bills of Materials
Source D.
Sum 
F. Squares
Mean
Squares
F
Ratio
F
Probability
Between
Groups 1 .14 .14 .14 .71
Within
Groups 241 247.13 1.03
Total 242 247.27
Table C-30
Hire by Computer Aided Production planninq and Control
Source
Sum
D.F. Squares
Mean
Squares
F
Ratio
F
Probability
Between
Groups 1 .05 .05 .06 .81
Within
Groups
Total
241 223.93
242 223.98
.93
E ' ‘
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Table C-31
Hire by Computer Aided Process Control
Source D.
Sum 
F . Squares
Mean
Squares
F
Ratio
F
Probability
Between
Groups 1 .86 .86 1.05 .31
Within
Groups 241 198.32 .82
Total 242 199.19
I ;   -  -
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